The Brazilian semiarid region present high rainfall variability and long dry periods. Thus, the main springs and streams are generally intermittent, and both native vegetation and human activities have a strong influence on hydrological processes and the water yield in the watershed. The aim of this study was to investigate the impacts of reforestation of the arboreal Caatinga on the availability of water in a representative basin of the Northeast semiarid with strong anthropic influence, considering a period of severe water scarcity from 2012 to 2015, using the SWAT model as a management tool. The SWAT model successfully simulated the flow hydrograph for the period from 2000 to 2015, with NashSutcliffe (NS) efficiency coefficient of 0.77 and 0.55 in the calibration and validation. The simulated reforestation scenarios showed a 6 to 20% increase in recharge and soil water storage of 9 to 28%. Simulations of different scenarios of the Caatinga re-composition in agricultural areas highlight the strong impact of arboreal vegetation on hydrological processes, in particular on soil water infiltration and soil moisture increase.
INTRODUCTION
The water resources of the Brazilian semiarid region are usually affected by extreme precipitation events, as well as by prolonged droughts, which interfere in the ecosystem equilibrium. Thus, meeting the demand for water resources in the semiarid region requires the permanent management and planning of hydrographic basins (Yu et al., 2015) .
Because of climatic extremes and intermittent watercourses, the natural environment of the semiarid region is fragile, the understanding of hydrological processes is a priority for its preservation (Montenegro & Ragab, 2010) .
In 2013, the Northeast of Brazil suffered the worst drought in 50 years (WMO, 2014) . This panorama accelerated the process of degradation, leading to losses in agricultural production and reducing plant biomass, in this way resulting in the reduction of natural vegetation.
In a restored vegetation environment, the rainwater storage in the canopy and extraction of water by plant transpiration regulate the time and availability of water to the runoff and to the soil profile (Ma et al. 2014) . In environments of degraded vegetation, the retention of water in the soil decreases and, therefore, the recharge of the aquifers, generating an increase in the surface runoff (Strauch et al., 2013) .
In view of the reality of the degradation of Brazilian native forests, the National Water Agency (ANA) has developed the Water Producer program that stimulates the Environmental Services Payment (PSA) policy, aiming at the protection of springs (ANA, 2012) . According to Shiki (2012) , this initiative integrates actions for water and soil conservation to mitigate the inadequate use of the soil by unsustainable agricultural practices, such as deforestation and fires.
The payment for environmental services tends to benefit the understanding of water and soil conservation activities, increasing the supply of environmental services and their understanding of the value of these services and their contribution to the various sectors of society (Vogl et al., 2016) . Based on biophysical processes to demonstrate the economic return of integrated environmental interventions, Vogl et al. (2017) demonstrated the good economic return of investments considering multiple hydrological services.
As tools to evaluate and simulate the impacts of changes in soil use on water resources, we have distributed hydrological models such as the SWAT (Soil and Water Assessment Tool), which has been widely used to evaluate the influence of different scenarios of soil use and occupation in water resources in hydrographic basins (Wang et al., 2018; Yu et al., 2015; Deng et al., 2015) .
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According to Li et al. (2014) , the SWAT was the most used hydrological model in the last decade, listed as a key-word in 8.2 and 12% of the scientific articles geared to the earth sciences of several countries, in 2004 to 2008 and 2009 to 2013 respectively. The model is based on physical, distributed and continuous time, developed to analyze the impacts of climate and management in soil use and occupation in hydrological components, sediment production and transport of pollutants in watersheds (Neitsch et al., 2011) . The model adequately reproduces the hydrological regime of the rivers of small basins, particularly in daily scale (Bugaets et al., 2018) . Abbaspour et al. (2018) emphasize the wide applicability and robustness of the SWAT model for different regions of the globe, and discuss methodologies to improve the calibration and validation processes. Wu et al. (2015) used the SWAT model to evaluate scenarios and soil use and occupation in a 127.96 km² basin in northwest China as a water resource management tool. Jahanshahi et al. (2017) obtained promising results from the SWAT model in the simulation of river flow in Iran's semiarid and semi-humid climate basins, indicating it to improve water resource management, environmental protection and reduce of field costs. Zhang et al. (2016) , simulating scenarios of use and occupation of environmental protection, with increased forest areas, observed reductions in the frequency of extreme flooding in basins with precipitations ranging from 50 to 700 mm and potential evapotranspiration between 2000 and 4000 mm.
The aim of this study was to investigate the impacts of reforestation of the arboreal Caatinga on the availability of water in a representative basin of the Northeast semiarid with strong anthropic influence, considering a period of severe water scarcity from 2012 to 2015, using the SWAT model as a management tool.
MATERIAL AND METHODS

Study Area
The study was developed in the representative subbasin of Mimoso Creek (Figure 1 
The SWAT model and its input files
The SWAT is a distributed model of physical basis, continuous at time, which simulates runoff, erosion in surface and canals, the transport of nutrients and pesticides at daily, monthly and annual time scales (Bressiani et al., 2015 , Aragão et al., 2013 Neitsch et al., 2011) .
The SWAT calculates the water balance (Eq. 1) in Response Hydrological Units (RHUs), which require basic information on topography, land use, soil types and climatic data. For the definition of these RHUs, the geospatial data from overlapping maps, such as the Digital Elevation Model (DEM) (Figure 2A ) are used to delineate the drainage system, allowing the discretization of the basin and its sub-basins as well as the composition of the slope classes map ( Figure 2B ), soil class maps ( Figure 2C ) and soil use and coverage ( Figure 2D ).
The classification of the slope was based on EMBRAPA criteria (1979) (Figure 2B ), where slope of 0-3% presents flat relief, 3-8% soft-wavy, 8-20% wavy, 20-45% strong-wavy and >45% hilly and strong-mountainous.
The soil types in the basin are described by an association map, according to the Pernambuco Agroecological Zoning Soil Project (ZAPE) (EMBRAPA, 1999) , with a scale of 1:100.000 ( Figure  2C ). The predominance was of Yellow Argisols (28.98%), Red-Yellow Argisols (28.78%), Litholic Neosols (22.48%) and Regolithic Neosols (18.36%), with the presence of Fluvic Neosols, 69%) in alluvial regions of the basin and some regions with Cambisols (0.56%) and Planosols (0.15%).
FIGURE 2. Digital Elevation Model (A), Slope map (B), Soil map (C), and Land use map for sub-basin (D)
The Caatinga vegetation in the basin presents several densities of coverage, the land use map was constructed from a LANDSAT image of 2013, with a resolution of 30 x 30 m, following the vegetation classification used by Montenegro & Ragab (2010) . Figure   2D shows the density of the Closed arboreal-shrubby caatinga (CASC), Closed Arboreal Caatinga (CAC) and Agriculture (A). From this classification, the vegetation data corresponding to the SWAT model database were used (Table 1) .
Engenharia Agrícola, Jaboticabal, v.39, n.1, p.110-117, jan./feb. 2019 The climatological data used for the model were considered on a daily scale, such as precipitation, maximum and minimum temperature, solar radiation, wind speed and relative humidity. These data were collected at a Campbell Scientific agroclimatological station (Figure 1 ) and in manual and automatic pluviometers (TB4L models from Campbell Scientific) installed in the basin (Figure 1  and 2A) . The time series of data for this study comprised the period from 2000 to 2015, operated by the Water and Soil Laboratory of the Department of Agricultural Engineering of the Federal Rural University of Pernambuco.
The potential evapotranspiration (ETp) was calculated using the Penman-Monteith Method, using data from the mentioned agroclimatological station.
Analysis of Sensitivity Calibration, Validation, and Scenarios of Land Use
The SWAT-CUP version 5.2 (Calibration and uncertainty procedures), with SUFI-2 -(Version 2) was used for sensitivity analysis. For the sensitivity analysis, 19 parameters were initially used, selecting those most influential for calibration of the model from the observed hydrograph (Du et al., 2013) .
A warm-up period of the two-year model (2000-2001) was considered. The calibration and validation period comprised the years from 2002 to 2006 and 2007 to 2011, respectively. The UFRPE Water and Soil Laboratory team measured both the hydrological and climatic data from the Mimoso Basin. The Nash-Sutcliffe coefficient (NS) was used to evaluate the efficiency of the model (Bressiani et al., 2015; Aragão et al., 2013; Montenegro & Ragab, 2010) .
Four scenarios were proposed to investigate the hydrological impact of the restoration of the native forest from 2012 to 2015. Thus, the generic agriculture was replaced by the following scenarios of increasing the Caatinga area: Scenario 1 -10% of Closed Arboreal Caatinga (CAC); Scenario 2 -20% of CAC; Scenario 3 -25% of CAC; Scenario 4 -30% of CAC.
RESULTS AND DISCUSSION
The most sensitive parameters used in the calibration are listed in Table 2 . These parameters highlight the influence on surface runoff and underground processes (Aragão et al. 2013) , influenced by use and occupation factors and climatic factors (Park et al., 2014) . The sensitivity of the surface parameters and base flow listed (Table 2) is recurrent in several studies, mainly because they use the hydrograph of the flow as measured real data for calibration (Silva et al., 2016; Park et al., 2014; Aragão et al., 2013) .
A reduction of the value of the CN2 parameter in the calibration process was observed, corroborating with the results of Fukunaga et al. (2015) and Andrade et al. (2013) , which obtained reductions of approximately 9% and 38%, respectively, indicating that the initial default values, for the CN2 parameter in simulation without calibration might not reflect the local scale physical properties and soil infiltration capacity, and the management practices (Fukunaga et al., 2015) . The values of the groundwater parameters such as Alpha_Bf and GW_Revap represent a rapid response of the basin recharge, which influence the percentage of base flow and storage, also relevant parameters for Montenegro & Ragab (2010) in the same basin, using DiCaSM model, which can be understood by the reduced depth of the slope soils.
The CH_K2 channel parameter relates to alluvial regions with the river section (Albuquerque et al., 2015) and CH_N2 at the low water flow velocity on the subbasin surfaces and in the main channel (Du et al., 2013) . Indeed, in the semi-arid basins, shallow soils predominate, with underlying crystalline basement. Thus, the alluvial valleys in the flood plains regulate important infiltration and recharge processes. These parameters reflect the ability of the SWAT model to reflect significantly the characteristics of the wet period and to improve the performance of the N-S coefficient in the wetter series , better representing peak flows. Figure 3 shows the graphs of the calibration and validation periods of the surface runoff in the basin. It is possible to observe the major precipitation events preceding the flow peaks because the basin under study is intermittent in the wet years and presents events of ephemeral flows in the dry periods, when there are periods with Q = 0. The simulations overestimated some peaks and underestimated other peaks in the outflow events that existed in the basin. Bugaets et al. (2018) observed values of underestimated peaks in periods of intense rain. These results are attributed to the hydrological conditions of the soil profile (Qiu et al., 2012) , as well as to the land use that are reflected in the CN2 parameter sensitivity of the model (Du et al., 2013) , rainfall irregularity, the physiographic characteristics of basin, topography, channels network and form index (Montenegro & Ragab, 2010) . The calibration presents a N-S coefficient (NashSutcliffe) of 0.77 and N-S for the validation period of 0.55. For Moriasi et al. (2007) , this reduction of the statistical indices in the validation period is common, because of the optimization of the parameters for the calibration period (Fukunaga et al., 2015) . Montenegro and Ragab (2010) attributed the reduction of the N-S calibration index for validation to the physical characteristics of the basin that influence the parameters in the model performance. Figure 4 shows the impact of the variation of the native cover on the variables of the mean annual water balance of the basin for the period of 2012 to 2015, when the increase of the native vegetation tends to decrease the runoff in relation to the current use and to increase the water storage in the soil, as well as the aquifer recharge.
There is a reduced impact of the plant recovery on evapotranspiration. With greater areas of natural cover, the water loss through evaporation and plant transpiration was 0.37% in scenario 1, and 1.11% in scenario 4. The evapotranspiration variations are related to the drought that occurred in the region in the year 2012 to 2015, directly interfering with the balance of water and energy in the basin (Deng et al., 2015) .
The natural cover increases the water content of the soil by retaining part of the precipitation due to plant interception (Santos et al., 2010) , which is identified in Figure 4 with an increase of more than 9% in scenario 1 of restoration up to 28.86% in scenario 4. The recharge in the basin increased 6% in the scenario with the lowest percentage of reforestation, reaching 20% in the scenario of a higher percentage of restoration (30%). These results reflect a regularization of the base flow, more visible in sub-basins (Vogl et al., 2016) . The components of the water balance are affected by the reforestation of cultivated areas, mainly the groundwater recharge (Woldesenbet et al., 2017) , with the increasing soil water infiltration (Yu et al., 2015) , as well as a significant reduction of runoff (Li et al., 2012) .
The increase in soil water content, due to the increase of reforestation areas in the basin, has an important role in the regularization of the flow over time, increasing the base flow. Thus, contributing to the availability of water in spring areas, which requires a regular distribution in time. The landowners who adopt conservation practices or preserve forested areas, through various payment mechanisms (Landell-Mills & Porras, 2002) , would be compensated for the improvement or maintenance of water quality or flow regulation. In this way, it would be possible to reduce the amount of sediment in the wet periods and increase the base flow in the dry periods, reflecting an improvement offered by the service provision (Vogl et al., 2017) .
Water basins, such as the one in this study, which presents periods of quantitative and sometimes qualitative scarcity, the charge can bring advantages to the management system, providing the collection of financial resources and investments in the recovery of the basin and its costing, as well as in the incentive to the efficiency in water use (Jardim & Bursztyn, 2015) . As well as a way to manage soil use and soil coverage, which can influence the regularization of flows, improving efficiency in hydroelectric production (Vogl et al., 2017) and as a tool to identify more effective investment portfolios in the delivery of environmental services for interest points (Vogl et al., 2016) .
CONCLUSIONS
The hydrological simulation with the SWAT model, after an adequate calibration and validation, efficiently represented the flow events, with a strong sensitivity to groundwater parameters. The restoration of the Caatinga would have a significant impact on the water balance, mainly in the reduction of the surface runoff in the reforestation scenarios of the degraded areas and the Engenharia Agrícola, Jaboticabal, v.39, n.1, p.110-117, jan./feb. 2019 increase of the recharge and storage of the water in the soil, allowing a high increase of the water stocks in the basin. These results may contribute as initial parameters for possible payments for environmental services (PES).
